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I a INTRODUCTION 

Studies of the effects of different freeze cycles on Bacillus 

cereus and Bacillus subtilis were completed during this quarter. 

The results indicated that extreme diurnal temperature fluctua- 

tions cannot be regarded as a protective guarantee against 

contamination. 

Other studies were concerned with the possible anaerobic 

sporulation of B. cereus and vegetative cell growth and sporulation 
of ~ B,  subtilis in the simulated Martian environment by using 

potassium nitrate as a terminal electron acceptor in place of 

oxygen, 

to anaerobic growth in the presence of nitrate by repeated 

transfers, 

There were indications that B. subtilis could be adapted 

Sporulation with either organism did not occur. 

11, EXPERIMENTAL PROCEDURES 

The simulated Martian atmosphere described in Report No. 

IITRI-C194-5 was used. 

Mars tubes also have been described in previous reports. 

The methods of inoculating and sampling 
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111, RESULTS AND DISCUSSION 

Growth response and spore production data on B, cereus - 
and - B o  subtilis in a simulated Martian environment for 56 days 

with different freeze-thaw cycles are presented in Figures 1 

through 6 ,  There were three groups: 

Control Group. No previous contact with the 

Martian environment: with 3 freeze cycles: 8, 16, 

and 20 hr. 

Transfer Group 1. Spores derived from the 8-hr 

freeze cycle of the Control Group after 7 days 

in the simulated Martian environment: with 2 freeze 

cycles for B. cereus (8 and 16 hr) and 3 freeze 

cycles for B. subtilis (8, 16, and 20 hr). 
Transfer Group 2. Spores derived from the 8-hr 

freeze c cle of Group 1 after 7 days in the simulated 

Martian environment; with 2 freeze cycles for & cereus 

(8 and 16 hr) and 3 freeze cycles for B. subtilis 
(8, 16, and 20 hr) 

Y 

Figure 1 presents data on the B, cereus Control Group, As 

the time of the freeze cycle was extended, the growth response 

was delayed, Compared to the 8-hr freeze cycle a 16-hr freeze 

cycle delayed spore germination and vegetative cell growth at 

least 2 days; sporulation was delayed as much as 4 days. 

Extension of the freeze cycle to 20 hr delayed spore germination 

and vegetative cell growth at least 6 days, and sporulation did 

not occur 
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t '  
I t  appeared t h a t &  cereus  would grow and s p o r u l a t e  i n  a 

modified simulated Martian environment wi th  a f r e e z e  cyc le  

du ra t ion  of a t  least 16 hr and would grow wi th  no sporu la t ion  

i n  t h i s  environment wi th  a 20-hr f r e e z e  cycle .  A gene ra l  t r e n d  

i n  growth response of th i s  organism occurred: that  i s ,  spore 

germination followed by vegeta t ive  cel l  growth and sporu la t ion  

w i t h  maximum populat ions w e r e  reached after 7 t o  2 8  days: t h i s  

w a s  followed by a s l i g h t  decrease and a f i n a l  l e v e l i n g  o f f  of 

t h e  populat ions.  The cel l  count remained g r e a t e r  than  t h e  

i n i t i a l  count, 

I t  w a s  of i n t e r e s t  t o  determine whether these ce l l s  could 

reestablish themselves i n  t h i s  environment, cons ider ing  t h e  

p o s s i b l e  contamination of an e n t i r e  p l a n e t  l i k e  Mars where 

s u r f a c e  winds d i s t u r b  t h e  s o i l  sur face .  Transfer  Groups 1 and 2 

w e r e  used t o  s tudy t h i s  p o s s i b i l i t y .  B a c t e r i a l  ce l l s  taken from 

t h e  Control Group a f t e r  the logari thmic growth phase w e r e  

re introduced i n t o  the simulated Martian environment i n  order  t o  

determine whether the cells w e r e  able t o  grow and sporulate,, 

The r e s u l t s ,  presented i n  Figures  2 and 3 ,  i n d i c a t e  t h a t  

growth d i d  occur. The growth response of Transfer  Group 1 

(Figure  2 )  w a s  very s i m i l a r  t o  tha t  of t h e  Control Group 

i n i t i a l l y  s tud ied  (Figure 1)- Inc reas ing  the f r e e z e  cyc le  

d u r a t i o n  t o  16  hr delayed spore germination and vege ta t ive  

ce l l  growth a t  least  2 days and sporu la t ion  a t  least  4 days, 

These f ind ings  compare favorably wi th  those  from the Control  

Group, A l s o ,  populat ions s i g n i f i c a n t l y  higher t h a n  t h e  i n i t i a . 1  

L 
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populations but lower than maximum were established after 56 days, 

this was similar to the Control Group. 

When this transfer procedure was repeated by using cells 

derived from Transfer Group 1, similar results were obtained, 

as indicated in Figure 3 ,  Increasing the freeze cycle to 16 hr 

delayed spore germination and vegetative cell growth at least 

2 days and sporulation at least 4 days. 

These studies were extended by using B. subtilis. The tubes 

were handled in the same manner as for the E& cereus experiments., 

The growth response of the subtilis Control Group 

(Figure 4 )  to an increase in the freeze cycle was comparable 

with that of - B, cereus. Spore germination and vegetative cell 

growth were delayed at least 1 day, and sporulation was delayed 

at least 2 days, Increasing the freeze cycle to 20 hr delayed 

spore germination and vegetative cell growth at least 3 days, 

and sporulation did not occur during the 56-day period, 

The response of B. subtilis Transfer Group 1 and 2 (Figures 

5 and 6) was similar to that of the Control Group, With a 

16-hr freeze cycle, spore germination and vegetative cell growth 

were delayed in both Transfer Groups at least 1 day and sporulation 

at least 2 days, Extension of the freeze cycle to 20 hr delayed 

spore germination and vegetative cell growth at least 3 days, 

Sporulation of B, subtilis, although slight, was delayed at 

least 6 days, 

Comparison of the growth responses of B, cereus and B, 

subtilis showed that & subtilis growth responses were delayed 

less and tnat maximum populations were reached sooner t.hanB,cereus. 
I I T  R E S E A R C H  I N S T I T U T E  
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1 *-  There were indications that, after 56 days in the simulated 

Martian environment, the majority of B, cereus cells present 

were spores, whereas in many instances the majority of B. subtilis 

cells were vegetative cells. The latter statement is made with 

reservations since it is difficult to determine accurately the 

number of spores that germinate without heat-shock. 

_I 

Projected conclusions from these studies indicate that, 

if these organism were placed in an similar extraterrestrial 

environment, contamination and subsequent growth cycles could 

occur from bacteria growing and being dispersed by winds. 

Qualifications must be added, however. Moisture is required for 

the vegetative growth of B. cereus, and moisture with small 
amounts of oxygen are required for vegetative growth of 

- B o  subtilis and sporulation of both organisms. 

Other studies were concerned with the possible anaerobic 

sporulation of B. cereus and vegetative cell growth and sporulation 

of - B. subtilis in the simulated Martian environment by using 

2, 0 , 2 ,  and 0.02% potassium nitrate as a terminal electron 

acceptor in place of oxygen. 

A slightly greater vegetative growth response of B. cereus 

was noticed with 0.2 and 0.02% nitrate levels (Figure 7 ) -  No 

sporulation was demonstrated, The poorer response at the 2% 

nitrate level could be related to the lowered water activity of 

the soil substrate, resulting from increased salt concentration, 

since the moisture content was at the minimal threshold for 

growth, The results with subtilis, indicated that vegetative 

cell growth without sporulation occurred at all three nitrate levels 
I I T  R E S E A R C H  I N S T I T U T E  
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T e s t  co i id i t i uns :  A l l  t u b e s  c o n t a i n e d  the s i m u l a t e d  Mdrtiarl 
a tmosphe re ,  9% H 0 and  f e l s i t e / l i n l o n i t e  
s o i l  w i t h  1% o r g i n i c  medium, 8-hr  f r e e z e  
c y c l e .  
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a t m o s p h e r e ,  9% H 2 0 ,  and f e l s i t e / l i m o n i t e  
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(Figure 8), These experiments were repeated with both 

- B,  cereus and subtilis by using the transfer method. Concen- 

trations of 0,2 and 0,02% nitrate were used with 8 to 10% moisture. 

The results, erratic though favorable, indicated that both B. cereus 
and B, subtilis grew very well but did not sporulate. 

I V ,  SUMMARY 

Completed 56-day growth response studies with spores in a 

modified simulated Martian environment with different freeze 

cycles indicated that: 

(1) Extending the freeze cycle from 8 to 16 hr delayed 

I_ B, cereus spore germination and subsequent vegetative 

cell growth 2 days and sporulation at least 4 days. 

- B. subtilis spore germination, vegetative cell 

growth, and sporulation were delayed at least 2 days. 

Extending the freeze cycle from 8 to 20 hr delayed 

- B o  cereus spore germination and vegetative cell 

growth 6 days. B. subtilis spore germination and 

vegetative cell growth were delayed at least 

3 days. Sporulation of either organisms was not 

apparent during the 56 days,, 

B. cereus and B, subtilis cells produced in the 
simulated Martian environment retained their 

viability and were able to reestablish an ecological 

niche when transferred into a similar environment, 

(2) 

(3) 
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(4) After 56 days the majority of remaining B, cereus 

cells were spores: the remaining B. subtilis cells 

were vegetative cells, 

(5) The growth response (vegetative cell growth and 

sporulation) of Be subtilis was more rapid, and 

maximum populations were reached before B. cereus, 
- 

V. PERSONNEL AND RECORDS 

Experiments were planned with the counsel of Dr. E. J. 

Hawrylewicz and the technical assistance of Miss Charlene Berger, 
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